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© An optica) transmitter apparatus comprises a 
light source (1) for optical signal transmission, an 
intensity modulator (2). a transmit signal generator 
(4) and a signal generator (5). A transmit signal to be 
transmitted is supplied from the transmit signal gen- 
erator (4) to the intensity modulator (2), while a 
signal generated by the signal generator (5) is sup- 
plied to the phase modulator (3). A light beam emit- 
ted from the light source (1) passes through the 
intensity modulator (2) and the phase modulator (3) 
to be subsequently sent out as an optical signal for 
transmission with intensity thereof being modulated 
upon passing through the intensity modulator (2) 
while spectrum thereof being spread by phase mod- 
ulation which the optical signal undergoes upon 
passing through the phase modulat r (3). 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to an 
optical signal transmission using an optical fiber 
and more particularly to an optical transmitter as 
well as an optical signal transmission system which 
are suited advantageously for digital optical com- 
munication. 

Progress in the optical communication technol- 
ogy in recent years is promising realization of a 
high-speed long-haul signal transmission. However, 
when an optical signal of high intensity is transmit- 
ted over a long distance through an optical fiber 
which scarcely attenuates the signal, there arise 
undesirable phenomena such as distortion of signal 
waveform, rapid or abrupt attenuation of the signal 
and the like due to waveform dispersion, non-linear 
optical effects and other causes, which phenomena 
can no more be neglected. 

In order to protect the waveform against deg- 
radation or deterioration due to the waveform dis- 
persion, it is necessary to suppress spectrum 
spreading (i.e., so-called chirping) of the optical 
signal in the optical transmitter. In this conjunction, 
an external modulation system (i.e., a system for 
modulating a light beam of a constant intensity or 
power emitted from a laser with an optical intensity 
modulator) is now replacing a hitherto known direct 
modulation system (i.e., a system for modulating 
the intensity of light beam by modulating a current 
for driving the laser). This is primarily for the rea- 
son that the external modulation system is less 
susceptible to the chirping. However, even when 
the external modulation system is adopted, there 
takes place equivalently a chirping due to phase 
modulation or shift which occurs in accompanying 
the intensity modulation. Under the circumstances, 
approaches or measures for lowering the phase 
modulation efficiency relative to the intensity modu- 
lation efficiency are now energetically studied. 

On the other hand, stimulated Brillouin scatter- 
ing which is one of the non-linear optical effects is 
more likely to take place as spectrum spreading of 
the light source becomes smaller. In reality, when 
an optical signal of high intensity is inputted to an 
optical fiber for long-haul transmission, the stimu- 
lated Brillouin scattering takes place, incurring rap- 
id attenuation of the light signal propagating or 
travelling through the optical fiber. At this juncture, 
it is noted that the measures for coping with the 
stimulated Brillouin scattering due to the spectrum 
spreading is naturally in conflict with the measures 
for reducing the chirping of the light source. Ac- 
cordingly, there exists a great demand for a meth- 
od or technology which can solve both the prob- 
lems mentioned above simultaneously in a satisfac- 
tory manner. 



An approach for dealing with the problem of 
stimulated Brillouin scattering in the optical com- 
munication is discussed in "IEICE (The Institute of 
Electronics, Information and Communication Engi- 

5 neers) Technical Report OQE 91-114, OCS 91-49", 
p. 75. Fig. 2 shows a structure of an optical trans- 
mitter implemented on the basis of the technology 
disclosed in the above-mentioned literature. Refer- 
ring to the figure, a light beam emitted from a light 

io source 1 for signal transmission undergoes inten- 
sity modulation in an intensity modulator 2 in ac- 
cordance with a signal to be transmitted 
(hereinafter referred to also as the transmit signal 
or transmission signal) generated by a transmit 

/5 signal generator 4 before being transmitted through 
an optical fiber. As the measure for suppressing 
the stimulated Brillouin scattering, direct frequency 
modulation is effected for the light source 1 with a 
signal generated by a signal generator 5 for there- 
to by spreading the spectrum of the light beam emit- 
ted from the light source 1 . 

The optical signal having spread spectrum suf- 
fers from jitter under the influence of dispersion 
which the optical signal undergoes in the course of 

25 propagation through the optical fiber. According to 
the teaching disclosed in the aforementioned litera- 
ture, the time jitter can be estimated smaller than 
14 ps when the modulating frequency is set higher 
than 10 kHz with frequency deviation being within 1 

30 GHz for a transmission fiber exhibiting a total dis- 
persion of 1800 ps/nm. 

The prior art technique described above suffers 
from problems that a driver circuit of complicated 
configuration is required for the direct frequency 

35 modulation of the light source in order to spread 
the spectrum of the light beam for signal transmis- 
sion and that variation in the light intensity can not 
be avoided. 

Further, in the literature mentioned above, no 
40 discussion is made concerning the method of com- 
pensating for the phase-shifted components as a 
method of solving the problem of chirping brought 
about by the intensity modulator. 

45 SUMMARY OF THE INVENTION 

In the light of the state of the art, it is a first 
object of the present invention to protect the optical 
signal for transmission against adverse influence of 

so the stimulated Brillouin scattering while suppress- 
ing to a possible minimum the variations in the 
intensity which take place in accompanying the 
spectrum spreading. 

A second object of the present invention is to 

55 protect a signal waveform from degradation or de- 
terioration due to the influence of dispersion within 
a transmission fiber by compensating for the 
phase-shifted compon nts of the optical signal, 
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which are g n rated in th intensity modulator. 

Another object of the present invention is to 
simplify a structure which will otherwise become 
complicated by adding new elements and suppress 
a number of parts required for coupling the optical 5 
signals inclusive of a light source beam to a possi- 
ble minimum. 

For achieving the first mentioned object, there 
is provided according to an aspect of the present 
invention an optical transmitter apparatus which is w 
comprised of a light source for signal transmission, 
an intensity modulator for modulating intensity of a 
light beam emitted by the light source with a trans- 
mit signal to be transmitted, and a phase modulator 
for spreading the spectrum of the optical signal or 75 
the light beam. 

The second object of the invention can be 
achieved by providing an optical transmitter ap- 
paratus which includes a light source for emanating 
a light beam for signal transmission, an intensity 20 
modulator for modulating intensity of the light 
beam in accordance with a transmit signal, and a 
phase modulator which operates in linkage with the 
intensity modulator for compensating the chirping. 

The third mentioned object of the invention can 25 
be achieved by providing an optical transmitter 
apparatus which includes a light source for emanat- 
ing a light beam for signal transmission, an inten- 
sity modulator and a phase modulator for com- 
pensating the chirping or spreading the spectrum, 30 
wherein all or some of the three optical elements, 
i.e.. the light source, the intensity modulator and 
the phase modulator, are implemented integrally 
with one another. 

A light beam emitted from the light source 35 
undergoes intensity modulation by the intensity 
modulator and phase modulation by the phase 
modulator, whereby spectrum of the optical signal 
is spread, which is effective for suppressing the 
stimulated Brillouin scattering while avoiding van- 40 
ation in the intensity due to the spectrum spread- 
ing. 

The phase modulator operating in linkage with 
the intensity modulator may be constituted by a 
phase modulator designed for compensating chirp- 45 
ing, which serves for compensating or canceling 
out the phase-shifted components (chirping) which 
make appearance in accompanying the intensity 
modulation performed by the intensity modulator, 
whereby signal waveform can be protected against so 
deterioration brought about under the influence of 
dispersion to which the signal is subjected to in the 
course of traveling through an optical fiber. 

By implementing all or some of the three op- 
tical elements, i.e., the light source, the intensity ss 
modulator and the phase modulator, optical coupler 
elements which will otherwise be required for cou- 
pling these optical elements can be spared, which 



in turn means that th optical transmitter apparatus 
can be realized in a simplified structur of a re- 
duced size. 

The above and other objects, features and at- 
tendant advantages of the present invention will 
become more apparent by reading the following 
description of preferred embodiments taken in con- 
junction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing schematically 
a general configuration of an optical transmitter 
apparatus according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing a structure of 
an optical transmitter known heretofore; 
Pigs. 3 A and 3B are charts for graphically 
illustrate results of an experiment performed for 
confirming effects obtained in the optical trans- 
mitter according to the first embodiment of the 
invention; 

Fig. 4 is a block diagram showing a configura- 
tion of an optical transmitter apparatus accord- 
ing to a second embodiment of the invention; 
Fig. 5 is a block diagram showing an optical 
transmitter apparatus according to a third em- 
bodiment of the present invention; 
Fig. 6 is a block diagram showing an optical 
transmitter apparatus according to a fourth em- 
bodiment of the invention; 
Fig. 7 is a block diagram showing a circuit 
configuration of an optical transmitter apparatus 
according to a fifth embodiment of the invention; 
Fig. 8A is a block diagram showing an exem- 
plary circuit configuration of a digital logic cir- 
cuit; 

Fig. 8B is a waveform diagram for illustrating 
operation of the digital logic circuit shown in Fig. 
8A; 

Fig. 9A is a block diagram showing another 
exemplary configuration of a digital logic circuit; 
Fig. 9B is a waveform diagram for illustrating 
operation of the digital logic circuits shown in 
Fig.SA; 

Rg. 10 is a schematic block diagram showing a 
structure of an optical signal transmission sys- 
tem in which one of the optical transmitter ap- 
paratuses according to the first to fifth embodi- 
ments is employed; 

Fig. 11 is a block diagram showing schemati- 
cally a structure of an optical signal transmission 
system according to a further embodiment of 
the invention in which one of the optical trans- 
mitter apparatuses according to the first to fifth 
embodiments may be employed; 
Rg. 12 is a block diagram showing a modifica- 
tion of the optical signal transmission system 
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shown in Rg. 11; 

Rg. 13 is a block diagram showing schemati- 
cally a further embodiment of the optical signal 
transmission system according to the invention 
in which a clock control is adopted; 5 
Rg. 14 is a schematic block diagram showing a 
basic structure of an optical transmitter appara- 
tus according to a six embodiment of the inven- 
tion; 

Rg. 15 is a waveform diagram for illustrating io 
changes in intensity and phage in the optical 
transmitter apparatus according to the sixth em- 
bodiment; 

Rg. 16 is a chart for graphically illustrating rela- 
tions between chirping characteristics of an op- is 
tical modulator and a maximum transmission 
length; 

Rg. 17 is a block diagram showing schemati- 
cally a structure of an optical signal transmission 
system according to an embodiment of the in- 20 
vention; 

Rg. 18 is a block diagram showing schemati- 
cally a structure of an optical transmitter appara- 
tus according to a seventh embodiment of the 
invention; 25 
Rg. 19 is a block diagram showing schemati- 
cally a structure of an optical transmitter appara- 
tus according to a eighth embodiment of the 
invention; 

Rg. 20A is a block diagram showing schemati- 30 
cally a structure of an optical transmitter appara- 
tus according to a further embodiment of the 
invention; 

Rg. 20B is a view for graphically illustrating 
phase modulation characteristics of the optical 35 
transmitter shown in Rg. 20A; 
Rg. 21 is a block diagram showing schemati- 
cally a structure of an optical signal transmission 
system in which the optical transmitter appara- 
tus according to the seventh embodiment is 40 
employed; 

Rg. 22 is a block diagram showing schemati- 
cally a structure of an optical signal transmission 
system in which the optical transmitter accord- 
ing to the eighth embodiment is employed; 45 
Rg. 23A is a sectional view showing an in- 
tegrated structure of an optical modulator includ- 
ing a phase modulator and an intensity modula- 
tor each of a same structure and implemented 
in an integrated structure; so 
Rg. 23B is a cross-sectional view taken along a 
line a-a' in Rg. 23A; 

Rg. 24 is a view for graphically illustrating rela- 
tions of phase change and absorption loss to a 
voltage applied to an optical modulator element; . ss 
Rg. 25 is a block diagram showing schemati- 
cally a structure of an optical modulator accord- 
ing to an mbodiment of th invention; 



Rg. 26 is a block diagram showing schemati- 
cally a structure of an optical modulator accord- 
ing to another embodiment of the invention; 
Rg. 27 is a block diagram showing schemati- 
cally a structure of an optical modulator accord- 
ing to a further embodiment of the invention; 
Rg. 28 is a block diagram showing schemati- 
cally a structure of an optical modulator accord- 
ing to yet another embodiment of the invention; 
Rg. 29A is a view showing an integrated struc- 
ture of an optical modulator according to an 
embodiment of the invention; 
Rgs. 29 B and 29C are sectional views taken 
along lines a-a* and b-b\ respectively, in Rg. 
29A; 

Rgs. 30A and 30 B are views showing an in- 
tegrated structure of an optical modulator re- 
alized by using a dielectric; 
Rg. 31 is a block diagram showing a configura- 
tion of an optical transmitter apparatus accord- 
ing to another embodiment of the invention 
which corresponds to a combination of the first 
and sixth embodiments; 

Rg. 32 is a block diagram showing a structure 
of an optical transmitter in which an optical 
intensity modulator and an optical phase 
modulator are integrated with each other, and 
Rg. 33 is a block diagram showing schemati- 
cally a structure of a waveform division multiplex 
optical signal transmission system according to 
yet another embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now, the present invention will be described in 
detail in conjunction with preferred or exemplary 
embodiments thereof by reference to the drawings. 

Rg. 1 shows schematically a general configura- 
tion of an optical transmitter apparatus according to 
a first embodiment of the present invention. Refer- 
ring to the figure, a light beam for optical signal 
transmission is emanated from a light source 1 for 
signal transmission and caused to pass through an 
intensity modulator 2 and a phase modulator 3. A 
signal to be transmitted is generated by a transmit 
signal generator 4 and inputted to the intensity 
modulator 3, while a spectrum spreading signal 
generated by a spectrum spreading signal gener- 
ator 5 is inputted to the phase modulator 3. Thus, 
the light beam emitted from the light source 1 
undergoes intensity modulation in the intensity 
modulator 2 in accordance with the signal supplied 
from the transmit signal generator 4, whereby an 
intensity modulated optical signal is generated as 
th optical signal to be transmitted through an 
optical fiber. Further, the optical signal outputted 
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from the int nsity modulator 3 undergoes a phase 
modulation upon passing through the phase 
modulator 3 in accordance with th spectrum 
spreading signal generated by the spectrum 
spreading signal generator 5. whereby spectrum of 5 
the optical signal is spread. In this way, the optical 
signal outputted from the optical transmitter ap- 
paratus shown in Fig. 1 is protected against the 
stimulated Brillouin scattering. 

Figs. 3A and 3B graphically illustrate results of io 
an experiment performed for confirming the effects 
obtained according to the instant embodiment of 
the invention for an optical signal transmitted 
through a single mode dispersion shifted fiber hav- 
ing a length of 60 km. In Figs. 3A and 3B, input 75 
intensity of the optical signal inputted to the optical 
fiber is taken along the abscissa, white the output 
intensity of the optical signal upon leaving the fiber 
is taken along the ordinate. More specifically, Fig. 
3A shows the result of the experiment in which a 20 
sinusoidal signal was employed as the spectrum 
spreading signal, and Rg. 3B shows the results 
obtained by employing a rectangular signal as the 
spectrum spreading signal. For the purpose of 
comparison or control, measurement was also per- 25 
formed by using a continuous phase optical signal 
as the spectrum spreading signal. It has been 
found that in the case of the continuous phase 
optical signal, the output intensity becomes con- 
stant for the input intensity which exceeds +9 dB, 30 
showing that influence of the stimulated Brillouin 
scattering makes appearance. On the other hand, 
for the optical signal which was subjected to the 
phase modulation with the sinusoidal signal (Fig. 
3A) and the rectangular signal (Rg. 3B), influence 35 
of the stimulated Brillouin scattering is suppressed 
satisfactorily, as can be seen in Rgs. 3A and 3B. In 
particular, it has been found that the phase modula- 
tion with a rectangular signal of a random pattern is 
more effective for spectrum spreading and hence 40 
for suppressing the influence of the stimulated Bril- 
louin scattering when compared with the phase 
modulation by using a rectangular signal of a regu- 
lar pattern typified by a "1, ©"-repetition pattern. In 
any case, the results of the experiments shows that 45 
the spreading of spectrum by modulating the 
phase of the optical signal is effective for suppress- 
ing the stimulated Brillouin scattering. 

At this juncture, it should however be men- 
tioned that the waveform of the spectrum spreading so 
signal is neither limited to the sinusoidal waveform 
nor the rectangular waveform. Any other suitable 
waveforms can be employed to this end. 

Further, it should also be noted that in the 
optical transmitter apparatus according to the in- 55 
stant embodiment of the invention, the order in 
which the light beam or the optical signal is input- 
ted to the intensity modulator 2 and the phase 



modulator 3 pr s nts practically no problem. In 
other words, the aimed effect can equally be ob- 
tain d even wh n th signal input sequence is 
changed such that the light beam emitted by the 
light source 1 is first inputted to the phase modula- 
tor 3 and then the output optical signal of the latter 
is inputted to the intensity modulator 2. 

As typical elements which can be employed as 
the phase modulator 3, there may be mentioned 
those made of a semiconductor material such as 
gallium arsenide or lithium niobate (LiNb0 3 ), by 
way of example. As the intensity modulator 2, there 
may be employed an electroabsorption type inten- 
sity modulator or a Mach-Zehnder type intensity 
modulator which can be implemented by a com- 
bination of two phase modulators. 

Since both the intensity modulator 2 and the 
phase modulator 3 can be realized by using a 
same material, both modulators can easily be im- 
plemented in an integrated structure. An embodi- 
ment of the invention in which an optical element 
realized by integrating the intensity modulator and 
the phase modulator with each other is employed 
will be described below. 

Fig. 4 shows a configuration of an optical trans- 
mitter apparatus 100-1 according to a second em- 
bodiment of the invention in which an electroabsor- 
ption type intensity modulator is integrally com- 
bined with a semiconductor phase modulator. Re- 
ferring to the figure, a light beam emitted from a 
light source 1 for signal transmission is inputted to 
an optical modulator 11-1. A signal for transmission 
which is generated by a transmit signal generator 4 
is inputted to an intensity modulator driver circuit 
14-1, whose output signal is applied to an intensity 
modulator element 12-1 incorporated in the optical 
modulator 11-1. The output signal of the intensity 
modulator driver circuit 14-1 is an electric signal 
having a predetermined voltage or current level 
which is sufficiently high for modulating the inten- 
sity of the light beam inputted to the optical 
modulator 11-1. A reference numeral 5 denotes a 
spectrum spreading signal generator, whose output 
signal is inputted to a phase modulator driver cir- 
cuit 15-1. the output signal of which in turn is 
applied to a phase modulator element 13-1 incor- 
porated in the optical modulator 11-1 for modulat- 
ing phase of the optical signal outputted from the 
intensity modulator element 12-1. The output signal 
of the phase modulator ^driver circuit 15-1 is an 
electric signal having a predetermined voltage or 
current level which is sufficiently high to spread the 
spectrum of the optical signal outputted from the 
intensity modulator element 12-1. Thus, the light 
beam inputted to the optical modulator 11-1 under- 
goes an intensity modulation by the intensity 
modulator element 12-1 and then a spectrum 
spreading operation of the phase modulator ele- 
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ment 13-1 to be finally s nt out from the optical 
transmitter apparatus 100-1. Because the optical 
signal as sent out has a spectrum spread, the 
stimulated Brillouin scattering can effectively be 
suppressed. 

The optical modulator 11-1 can easily be im- 
plemented in an integral structure by manufactur- 
ing the intensity modulator element 12-1 and the 
phase modulator element 1 3-1 from semiconductor 
materials belonging to a same series. By integrat- 
ing both the elements in this way, loss of light at 
the coupling interface between the intensity 
modulator element 12-1 and the phase modulator 
element 13-1 can satisfactorily be prevented. Be- 
sides, there can be spared any optical coupler 
which will otherwise be required for optically cou- 
pling the elements 12-1 and 13-1. 

In the case of the instant embodiment, the 
rder in which the light beam and the optical signal 
are inputted to the intensity modulator element 12- 
1 and the phase modulator element 13-1 may be 
reversed relative to the order shown in Fig. 4, to 
essentially same effects. 

Fig. 5 shows an optical transmitter apparatus 
according to a third embodiment of the present 
invention in which a Mach-Zehnder type intensity 
modulator constituted by a combination of two 
phase modulators is combined with a phase 
modulator in an integral structure. Referring to the 
figure, a light beam emitted from a light source 1 is 
inputted to an optical modulator 11-2. A signal for 
transmission is generated by a transmit signal gen- 
rator 4 and inputted to an intensity modulator 
driver circuit 14-2 which produces two output sig- 
nals. These output signals are then inputted to 
intensity modulator elements 12-2a and 12-2b, re- 
spectively, which are incorporated in the optical 
intensity modulator 11-2. Each of the outputs of the 
intensity modulator driver circuit 14-2 is an electric 
signal having a predetermined voltage or current 
level which renders the optical phase difference 
between the optical signals passing through the 
intensity modulator elements 12-2a and 12-2b, re- 
spectively, to be zero or 180 degrees. In this 
conjunction, it should be mentioned that the optical 
output of the Mach-Zehnder type intensity modula- 
tor assumes a maximum level, when the phase 
difference between the optical signals passing 
through the optical modulating elements 12-2a and 
12-2b, respectively, is zero degree while assuming 
a minimum value due to interference when the 
above-mentioned phase difference is 180 degree. 
A spectrum spreading signal generated by a spec- 
trum spreading signal generator 5 is inputted to a 
phase modulator driver circuit 15-2, whose output 
signal is supplied to phase modulator elements 1 3- 
2a and 13-2b, respectively, which are equally incor- 
porated in the optical modulator 11-2. The output of 



the phase modulator driv r circuit 15-2 is also an 
lectric signal having a predet rmined voltage or 
current level capable of modulating the phase of 
the light beam and the optical signal passing 

5 through the phase modulator elements 13-2a and 
13-2b, respectively. The light beam inputted to the 
optical modulator 11-2 is modulated in respect to 
the intensity by the intensity modulator elements 
12-2a and 12-2b. while being spread in spectrum 

io by the phase modulator elements 13-2a and 13-2b, 
to be finally sent out from the optical transmitter 
100-2. The optical signal as sent out is scarcely 
affected by the stimulated Brillouin scattering be- 
cause of the spectrum being spread. 

is The optical modulator 11-2 can easily be re- 
alized in an integral structure by manufacturing the 
intensity modulator elements 12-2a, 12-2b and the 
phase modulator elements 13-2a, l3-2b from semi- 
conductor materials of a same series such as lith- 

20 ium niobate. Owing to the integration, optical loss 
at the coupling interfaces between the intensity 
modulator elements 12-2a, l2-2b and the phase 
modulator elements 13-2a, 13-2b can be reduced. 
Besides, optical coupling elements which will other- 

25 wise be required can be spared. 

In the case of the optical transmitter apparatus 
according to the third embodiment of the invention 
described above by reference to Fig. 5, the phase 
modulator is separated into two phase modulator 

30 elements 13-2a and 13-2b. In general, however, 
essentially same effects can be attained with a 
modulator configuration in which the intensity 
modulator elements 12-2a and 12-2b are combined 
with either one of the phase modulator element 13- 

35 2a of the preceding stage or the phase modulator 
element 13-2b of the succeeding stage. 

Fig. 6 shows an optical transmitter apparatus 
according to a fourth embodiment of the present 
invention in which a Mach-Zehnder type intensity 

4o modulator constituted by a combination of two 
phase modulators is designed to serve also for the 
function of a phase modulator. Referring to the 
figure, a light beam emitted from a light source 1 is 
inputted to an optical modulator 11-3. A signal to 

45 be transmitted as generated by a transmit signal 
generator 4 and a signal generated by a spectrum 
spreading signal generator 5 are inputted to an 
intensity modulator driver circuit 14-3, in which 
both input signals are combined by voltage com- 

50 bine circuits 6-a and 6-b, the outputs of which are 
then applied to intensity modulator elements 12-3a 
and 12-3b, respectively. 

The signal for transmission as generated by 
the transmit signal generator 4 is applied to the 

55 input of the voltage combine circuit 6-a as a volt- 
age signal of positive (plus) polarity, while being 
applied to the input of the voltage combine circuit 
6-b as a voltag signal of negative (minus) polarity, 
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to thereby render the optical phase diff r nee of 
th optical signal betwe n the int nsity modulator 
elements 12-3a and 12-3b to be zero or 180 de- 
grees. On the other had, the signal outputted from 
the spectrum spreading signal generator 5 is ap- 
plied to the inputs of both voltage combine circuits 
6-a and 6-b as a voltage signal of positive polarity 
to make effective an in-phase modulation in the 
intensity modulator elements 12-3a and 12-3b. As 
a result of this, the signal to be transmitted which is 
generated by the transmit signal generator 4 par- 
takes in the intensity modulation of the optical 
signal for transmission, while the signal generated 
by the spectrum spreading signal generator 5 con- 
tributes to the phase modulation. 

The light beam inputted to the optical modula- 
tor 11-3 is modulated in intensity and phase and 
spread in spectrum, to be finally sent out from the 
optical transmitter apparatus 100-3. The optical sig- 
nal as sent out is effectively protected against 
influence of the stimulated Brillouin scattering. 

Since, the optical modulator 11-3 is constituted 
only by the intensity modulator elements 12-3a and 
12-3b, the number of optical parts as required can 
be reduced, to another advantage. 

Fig. 7 shows a circuit configuration of an op- 
tical transmitter apparatus according to a fifth em- 
bodiment of the invention in which a Mach-Zehnder 
type intensity modulator constituted by a combina- 
tion of two phase modulators is employed. Refer- 
ring to the figure, a light beam emitted from a 
transmission light source 1 is inputted to an optical 
modulator 11-4. A transmit signal to be transmitted 
as generated by a transmit signal generator 4 is 
inputted to a digital logic circuit 16. Digital signals 
17-a and 17-b outputted from the digital logic cir- 
cuit 16 as a result of logical processing of the 
transmit signal are inputted to intensity modulator 
driver circuits 14-4a and 14-4b, respectively. The 
output signals of these two driver circuits 14-4a 
and 14-4b are inputted to intensity modulator ele- 
ments 12-4a and 12-4b, respectively, which con- 
stitute the optical modulator 11-4. The optical sig- 
nals inputted to the optical modulator 11-4 under- 
goes intensity modulation and phase modulation 
through the intensity modulator element 12-4a and 
12-4b, respectively, to be sent out from the optical 
transmitter apparatus 100-4 with spread spectrum 
being spread. 

The digital signals 17-a and 17-b which are 
delivered from the two outputs, respectively, of the 
digital logic circuit 16 assume values "0" and N 1 N . 
When the digital signal 17-a is "0", the output of 
the intensity modulator driver circuit 14-4a as- 
sumes a level of "V-", whereby the phase of the 
light beam passing through the intensity modulator 
lement 12-4a is caused to advance by 90* from a 
reference phase. On th other hand, when th 



digital signal 17-a is "1", the output of the intensity 
modulator driver circuit 14-4a assumes a level of 
"V+", wher by the phase f th light beam pass- 
ing through the intensity modulator element 12-4a 

5 is delayed by 90 * relative to the reference phase. 
Similarly, when the digital signal 17-b is "0" or "1". 
the output of the intensity modulator driver circuit 
14-4b assumes the level of "V-" or "V+", as a 
result of which the phase of the light beam passing 

70 through the intensity modulator element 12-4b is 
caused to advance or delay by 90 * relative to the 
reference phase. 

In dependence on combinations of the digital 
signals 17-a and 17-b, intensity and phase of the 

is optical signal outputted from the optical modulator 
1 1 -4 undergoes modulations, as mentioned below. 

In general, operation or function of the digital 
logic circuit 16 is as follows. When the transmit 
signal supplied from the transmit signal generator 4 

20 is "0", combination of the digital signals 17-a and 
17-b generated by the digital logic circuit 16 is 
represented by "0, 1" or "1, 0". On the other hand, 
when the signal supplied from the transmit signal 
generator 4 is "1", the digital logic circuit 16 gen- 

25 erates combinations of digital signals 17-a and 17-b 
in an alternating, random or predetermined se- 
quence of "0, 0" and "1,1". 

Thus, the phase of the optical signal as output- 
ted is correspondingly modulated with the spec- 

30 trum thereof being spread, which is effective for 
suppressing the stimulated Brillouin scattering. 

Since the optical modulator 11-4 is constituted 
only by the intensity modulator elements 12-4a and 
12-4b, the number of components required for im- 

35 plementation of the optical signal transmitter ap- 
paratus according to the instant embodiment can 
be decreased, to further advantage. 

Fig. 8A shows, by way of example, a circuit 
configuration of the digital logic circuit 16. As can 

40 be seen In the figure, the digital logic circuit 16 is 
comprised of two T flip-flops 18-a and 18-b, 
wherein the signal to be transmitted is inputted to 
each of these T flip-flops 18-a and 18-b, whereby 
corresponding output signals 17-a and 17-b are 

45 generated by these T flip-flops 18-a and 18-b, , 
respectively. The input signal for transmission is a 
digital signal of NRZ code (non-return-to-zero 
code), as shown in Fig. 8B at a row 1. The T flip- 
flop 1 8-a is triggered in response to a rise-up edge 

so of the input signal to thereby produce an output 
signal having a waveform such as illustrated in Fig. 
8B at a row 2. On the other hand, the T flip-flop 18- 
b is triggered in response to a falling edge of the 
input signal to produce an output signal having 

55 such a waveform as shown in Fig. 8B at a row 3. 
With a simplified digital circuit configuration as 
described above, it is possible to suppress the 
stimulated Brillouin scattering. 
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Fig. 9A shows anoth r ex mplary configuration 
of the digital logic circuit 16. Referring to th figure, 
a signal for transmission (i.e., transmit signal) is 
inputted to two logic gates 19-a and 19-b, whereby 
two output signals 17-a and 17-b are outputted 
from these logic gates 19-a and 19-b. respectively. 
Rg. 9B illustrates waveforms of the input signal 
and the output signals of the digital logic gates. In 
Rg. 9A, a reference numeral 20 denotes a digital 
random signal generator whose output signal is 
inputted to the aforementioned two digital logic 
gates 19-a and 19-b. With the configuration of the 
digital logic circuit 16 shown in Rg. 9A. the output 
signals 17-a and 17-b are combined such that 
these outputs assume a combination of "0, 0" 
when the input signal is "0", while assuming a 
combination of "0, 0" or "1, 1" in dependence on 
the signal outputted from the digital random signal 
generator 20. 

The digital random signal generator 20 em- 
ployed in this embodiment may be so designed as 
to generate "0" and "1" alternately with each other 
or generate "0" and "1 " mixed in accordance with 
a predetermined rule. In any case, the stimulated 
Brillouin scattering can effectively be suppressed. 
At this juncture, it is noted that the timing at which 
the output signal of the digital random signal gen- 
erator 20 should desirably coincide with the timing 
of the transmit signal. Accordingly, there is con- 
ceived such arrangement in which a clock signal 
employed for controlling the transmit signal gener- 
ator or alternatively the transmit signal itself is 
employed as a trigger signal, although illustration 
of a concrete circuit configuration to this end is 
omitted. 

In the optical signal transmitter apparatuses 
according to the fourth and fifth embodiments, re- 
spectively, a Mach-Zehnder type modulator is em- 
ployed. The Mach-Zehnder type modulator how- 
ver suffers from a problem that extinction ratio is 
degraded due to difference in the refractive index 
and the optical path length between the two inten- 
sity modulator elements constituting the Mach-Zeh- 
nder type modulator. However, the problem of deg- 
radation of the extinction ratio can be solved by 
compensating for the effective optical path length 
by applying a bias signal to the two outputs of the 
intensity modulator driver circuit 14-2 or 14-3. 

Rg. 10 shows schematically a structure of an 
optical signal transmission system in which one of 
the optical transmitter apparatuses according to the 
first to fifth embodiments of the invention is em- 
ployed. Referring to the figure, the optical signal 
transmission system illustrated is comprised of one 
optical signal transmitter 100, at least one optical 
fiber 101 for signal transmission, optical amplifiers 
102 and an optical signal receiver 103. Output 
signal of the optical transmitter 100 is inputted to 



the optical fib r 101. In case only a single optical 
fiber is mployed for th signal transmission, the 
output signal from the optical fiber 101 is inputted 
straightforwardly to the optical receiver 103. In 

5 case a plurality of serial optical fibers 101 are 
employed, the output signal of one optical fiber is 
once amplified by the optical amplifier 102 and 
inputted to a succeeding optical fiber 101. The 
output of the last optical fiber is inputted to the 

w optical receiver 103. 

Since the optical signal outputted from the op- 
tical transmitter 100 is spread in spectrum, the 
former can be transmitted to the optical receiver 
103 without undergoing adverse influence of the 

75 stimulated Brillouin scattering in the course of 
propagation through the optical fiber. 

Rg. 11 shows schematically a structure of an 
optica] transmission system according to a further 
embodiment of the invention in which one of the 

20 optical transmitters described hereinbefore in con- 
junction with the first to fifth embodiments can be 
employed. Referring to the figure, the optical trans- 
mission system according to the instant embodi- 
ment is comprised of a wavelength division mul- 

25 tiplex optical transmitter unit 110 which includes a 
plurality of optical transmitters 111-1 to 111-n 
(denoted generally by 111-(1 - n)) and an optical 
wavelength multiplexer 112, at least one optical 
transmission fiber 110 and an optical amplifiers) 

30 102, and a wavelength division multiplex optical 
receiver apparatus 113 which includes an optical 
wavelength demultiplexer 114 and a plurality of 
optical receivers 115-5 to 11 5-n (denoted generally 
by 115-(1 - n)). 

35 The outputs of the individual optical transmit- 

ters - ") ar© inputted to the optical 

wavelength multiplexer 112 to be multiplexed into 
an optical signal which is outputted from the 
wavelength division multiplex optical transmitter 

40 unit 110 as the output signal thereof, which is then 
inputted to the optical fiber 101. In the case where 
only one optical fiber 101 Is provided for the trans- 
mission of the optical signal, the output signal 
leaving the serial optical fiber 101 is inputted 

45 straightforwardly to the wavelength division mul- 
tiplex receiver apparatus 113. On the other hand, 
when a plurality of optical fibers 101 are provided, 
the output signal of the optical fiber 101 is first 
amplified by the optical amplifier 102 before being 

so inputted to the wavelength division multiplex optical 
receiver apparatus 113. The optical signal inputted 
to the wavelength division multiplex optical receiver 
apparatus 113 is applied to the input of the optical 
wavelength demultiplexer 114, and a plurality of 

55 optical signal outputs resulting from the demul- 
tiplexing operation of the demultiplexer 114 are 
inputted to the optical receivers 115-(1 - n), re- 
spectively, to be r ceiv d thereby. 
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Since th optical signal outputt d from the 
wave! ngth division multiplex transmitter unit 110 
has spectrum spread by the optical transmitters 
111-(1 ~ n), the optical signal can reach the 
wavelength division multiplex receiver apparatus 
113 without suffering the influence of the stimulated 
Brillouin scattering in the course of propagation 
through the optical fiber 101. 

As a modification of the instant embodiment, 
the optical wavelength multiplexer 112 may be 
replaced by an optical coupler, to substantially 
same advantageous effects. A structure of this 
modification is shown in Fig. 12, in which the 
optical coupler is denoted by a numeral 116. 

As mentioned previously, it is known that the 
optical signal for transmission which is phase-mod- 
ulated in the optical transmitter apparatus 100 de- 
scribed hereinbefore in conjunction with the first to 
fourth embodiments of the invention suffers time 
jitter upon reception under the influence of disper- 
sion of wavelength during the transmission through 
the optical fiber. To cope with this problem, it is 
conceived to control the clock of the transmit signal 
generator 4 so that difference or deviation in the 
transmission delay time can be compensated for. 

Fig. 13 shows schematically a further embodi- 
ment of the invention according to which a clock 
control is adopted in the optical transmitter appara- 
tus of the first embodiment. Referring to the figure, 
the output signal of the spectrum spreading signal 
generator 5 is inputted to a clock generator circuit 
21 which constitutes a part of the transmit signal 
generator 4. The output of the clock generator 
circuit 21 is inputted to a data generator circuit 22. 
The optical signal phase-modulated in accordance 
with the output signal of the spectrum spreading 
signal generator 5 undergoes change in the trans- 
mission delay time under the influence of disper- 
sion in the course of propagation through the op- 
tical fiber. Accordingly, adjustment of the clock 
output timing of the clock generator circuit 21 in 
accordance with the output signal of the spectrum 
spreading signal generator 5 allows the optical sig- 
nal to arrive at the receiver apparatus 103 at a 
substantially constant timing even when the trans- 
mission delay time of the phase-modulated optical 
signal varies under the influence of the dispersion 
during the transmission. Thus, the reception sen- 
sitivity can be protected against deterioration due 
to the time jitter notwithstanding of the phase mod- 
ulation of the optical signal. 

The teaching of the invention described just 
above can be incarnated in the transmitter appara- 
tus according to the second to fourth embodi- 
ments, to ensure similar advantageous effect Fur- 
ther, it should be mentioned that th arrangement 
described above can pr vide similar effect even in 
the hitherto known system shown in Fig. 2 where a 



direct modulation of a laser frequ ncy is adopted 
as a method of suppressing the stimulated Brillouin 
scattering. 

Fig. 14 shows a basic structure of an optical 

s transmitter apparatus according to a six embodi- 
ment of the invention which is designed to achieve 
the second object contemplated by the invention 
and mentioned hereinbefore. 

Referring to Fig. 14, a light beam emitted from 

10 a light source 1 for signal transmission is caused to 
pass through an intensity modulator 2 and a phase 
modulator 3 before being outputted. An output sig- 
nal of a transmit signal generator 4 is inputted to 
both the intensity modulator 2 and the phase 

is modulator 3. 

The light beam from the light source 1 is 
intensity-modulated in the modulator 2 in accor- 
dance with the transmit signal supplied from the 
transmit signal generator 4 and at the same time 

20 undergoes a feeble phase modulation. For the pur- 
pose of compensating for or canceling out this 
feeble phase modulation which provides a cause 
for the chirping, the phase modulator 3 modulates 
the phase of the output signal of the intensity 

25 modulator 2 by using a signal which is derived 
from the output signal of the transmit signal gener- 
ator 4, and which signal has a same magnitude as 
that of the output signal of the transmit signal 
generator 4 and a sign or polarity opposite to that 

30 of the latter. 

By virtue of the arrangement described above, 
the phase modulation effectuated due to such 
chirping characteristic of the intensity modulate as 
illustrated in Rg. 15 can be compensated for (or 

35 canceled out) by the phase modulator 3, as a result 
of which an ideal optical signal suffering no chirp- 
ing can be generated for transmission. Rg. 16 
shows relations between the chirping characteristic 
of an optical modulator and a maximum transmis- 

40 sion length. Most of the conventional intensity 
modulators exhibit the chirping characteristics on 
the order of 0.5 to 1.0 in terms of a-parameter (an 
index of the chirping characteristic taken along the 
abscissa in Rg. 16), as a result of which serve 

45 limitation is imposed onto the maximum transmis- 
sion length or distance. By contrast when the 
configuration of the optical transmitter apparatus 
shown in Rg. 13 is adopted, the chirping can 
satisfactorily be suppressed (with the a-parameter 

so being equal to zero), whereby the maximum trans- 
mission length can be increased twice or third as 
long as that attainable with the optical transmitter 
apparatus in which the conventional intensity 
modulator is employed. Besides, with the structure 

55 of the instant embodiment, inverse chirping cor- 
responding to a negative a-parameter can easily be 
gen rated, whereby the maximum transmission 
length can further be increased about twice in th 
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case of a conventional fiber (zero dispersion at 1 .3 
urn), as can be seen in Fig. 16. 

Fig. 17 shows a structure of an optical signal 
transmission system in which consideration is paid 
to the influence of dispersion of the optical fiber. 

Referring to the figure, a signal to be transmit- 
ted, i.e., a transmit signal is generated by a trans- 
mit signal generator 4 and inputted to an intensity 
modulator 2-5 and a phase modulator 3-5. A light 
beam emitted from a transmission light source 1 is 
caused to pass through the intensity modulator 2-5 
and the phase modulator 3-5 before being sent out 
from an optical transmitter apparatus 100-5. The 
output optical signal sent out from the optical trans- 
mitter apparatus 100-5 is transmitted through an 
ptical fiber 101 to be inputted to an optical re- 
ceiver apparatus 103. 

The light beam emitted from the light source 1 
is intensity-modulated by the optical intensity 
modulator 2-5 in accordance with the signal for 
transmission generated by the transmit signal gen- 
erator 4. At that time, the optical signal undergoes 
a feeble phase shift The phase modulator 3-5 
serves to modulate the phase of the output signal 
of the optical intensity modulator 2-5 in accordance 
with the transmission signal generated by the 
transmit signal generator 4 so that it exhibits in- 
verse chirping corresponding- to a negative o-pa- 
rameter shown in Fig. 16 so that degradation of the 
reception sensitivity due to the chirping which the 
signal undergoes during the transmission can be 
minimized. 

According to the teaching of the invention in- 
carnated in the instant embodiment, the optical 
phase modulation can be optimized for the optical 
signal transmitter inclusive of the optical fiber 101, 
whereby the transmission length or distance can 
further be increased when compared with the sys- 
tem in which the chirpless optical transmitter 
shown in Fig. 14 is employed. 

Fig. 18 shows a structure of an optical trans- 
mitter apparatus according to a seventh embodi- 
ment of the invention in which driver circuits are 
employed for the intensity modulator and the 
phase modulator, respectively. 

A light beam emanated from a light source 1 
for optical signal transmission is sent out from an 
optical transmitter apparatus 100-6 after having 
passed through an intensity modulator 2-6 for mod- 
ulating the light beam with a transmit signal (i.e., 
signal to be transmitted) and a phase modulator 3- 
6 for modulating the phase of the output optical 
signal from the intensity modulator 2-6. More spe- 
cifically, an output signal of the transmit signal 
g nerator 4 is inputted to an intensity modulator 
driver circuit 14-6 to be shaped to an electric signal 
having a pred termined waveform for driving the 
intensity modulator 2-6. Th output signal of the 



transmit signal generator 4 is also inputted to the 
phase modulator driver circuit 1 5-6 to be shaped to 
an electric signal having a predetermined wav form 
for driving the phase modulator 3-6. 

s The light beam from the light source 1 is 

intensity-modulated in the intensity modulator 2-6 
in accordance with the transmit signal supplied 
from the transmit signal generator 4 and at the 
same time undergoes a feeble phase modulation or 

10 shift. For the purpose of compensating for or can- 
celing out this phase modulation or shift which 
provides a cause for the chirping, the phase 
modulator 3-6 modulates the phase of the output 
signal of the intensity modulator 2-6 by using a 

T5 signal which is derived from the output signal of 
the transmit signal generator 4, and which signal 
has a same magnitude as that of the output signal 
of the transmit signal generator 4 and a polarity 
opposite to that of the latter. To this end, the sense 

20 or sign as well as magnitude of the phase modula- 
tion can be regulated by adjusting the signal con- 
version characteristics of the intensity modulator 
driver circuit 14-6 and the phase modulator driver 
circuit 15-6. 

25 In the case of the instant embodiment now 

under consideration, it is assumed that the optical 
transmitter is constituted by using a single intensity 
modulator and a single phase modulator. However, 
this is only for the purpose of simplification of 

30 description. It goes without saying that the char- 
acteristics of the transmitter apparatus described 
above can equally be realized by a combination of 
plural intensity modulators and plural phase 
modulators without departing from the scope and 

35 spirit of the invention. Further, the above-mentioned 
characteristics can be realized by using an inten- 
sity modulator having a chirping characteristic dif- 
ferent from that of the intensity modulator 2-6 in 
place of the phase modulator 3-6, equally falling 

40 within the scope of the invention. 

Fig. 19 shows an optical transmitter apparatus 
according to an eighth embodiment of the invention 
in which a driver circuit is employed in common to 
both the intensity modulator and the phase modula- 

45 tor. 

Referring to Fig. 19, a light beam emanated 
from a light source 1 for optical signal transmission 
is sent out from an optical transmitter apparatus 
100-7 after having passed through an intensity 

so modulator 2-7 for modulating the light beam with a 
signal to be transmitted and a phase modulator 3-7 
for modulating the phase of the output optical sig- 
nal of the intensity modulator 2-7. More specifi- 
cally, a transmit signal outputted from a transmit 

55 signal generator 4 is inputted to an intensity 
modulator driv r circuit 14-7 which produces two 
outputs having signs or polarities opposite to each 
oth r. These output signals are supplied to the 

10 
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intensity modulator 2-6 and th phase modulator 3- 
7, respectively. 

In the case of the instant mbodim nt, the 
intensity modulator 2-7 and the phase modulator 3- 
7 are so designed as to have respective phase 
modulation characteristics which substantially co- 
incide with each other. Accordingly, by driving the 
intensity modulator 2-7 and the phase modulator 3- 
7 with the signals having a same amplitude and 
opposite signs (polarities), effect of canceling out 
the phase modulation or shift accompanying the 
intensity modulation can be attained. 

Fig. 20A shows a structure of an optical trans- 
mitter apparatus according to a further embodiment 
of the invention in which a common driver circuit is 
employed, as in the case of the eighth embodiment 
described above. A light beam emanated from a 
light source 1 is caused to pass through an inten- 
sity modulator 2-8 and a phase modulator 3-8 
before being transmitted as the optical signal from 
the optical transmitter apparatus 100-8. An output 
signal of a transmit signal generator 4 is supplied 
to an intensity modulator driver circuit 14-8 which 
produces two output signals supplied to the inten- 
sity modulator 2-8 and the phase modulator 3-8, 
respectively. 

The intensity modulator 2-8 and the phase 
modulator 3-8 are so designed as to exhibit phase 
modulation or shift characteristics reverse to each 
other, as is illustrated in Fig. 19B. Thus, there can 
be obtained the effect of canceling out the phase 
shift by using a same drive signal. 

With the optical transmitter configuration ac- 
cording to the eighth embodiment and the modi- 
fication thereof shown in Fig. 19 A, the structure of 
the modulator driver circuits can remarkably be 
simplified, to a further advantage. 

At this juncture, it should be mentioned that the 
chirping taking place during the optical signal 
transmission through a conventional optical fiber 
can be optimized, as described hereinbefore in 
conjunction with Fig. 16, by using an optical trans- 
mitter apparatus of a structure similar to that of the 
seventh or eighth embodiment Fig. 21 shows a 
structure of an optical signal transmission system 
in which the optical transmitter apparatus according 
to the seventh embodiment is employed. Further, 
Rg. 22 shows a structure of an optical signal 
transmission system in which the optical signal 
transmitter according to the eighth embodiment is 
employed. In both the figures, a reference numeral 
100 denotes generally the optical transmitter, 101 
denotes an optical fiber and 103 denotes an optical 
receiver. 

By adjusting the phase modulation characteris- 
tics of the phase modulator 3-6 or 3-7, it is possi- 
ble to suppress to a minimum th degradation of 
reception sensitivity brought about by the chirping 



which th ptical signal suff red in the course of 
traveling through the optical fiber 101. To this nd. 
the phase of th optical signal is modulated in 
accordance with the transmit signal supplied from 

5 the transmit signal generator 4 so that the chirping 
is optimized (i.e., so that the chirping of opposite 
sign corresponding to the a-parameter of negative 
sign becomes effective). 

According to the optical signal transmission 

io system described above, because the optical 
phase shift can be optimized for the whole system 
inclusive of the optical fiber, the transmission 
length or distance can further be increased when 
compared with the system in which the chirpless 

is optical transmitter is employed. 

The intensity modulator 2 or 2-n and the phase 
modulator 3 or 3-n may be implemented by any 
appropriate modulator. Further, as the material for 
the modulator, there may be conceived various 

20 materials or compositions such as semiconductor 
bulk crystals of GaAs, InP or the like, a semicon- 
ductor quantum well (MQW) structure, dielectrics 
such as LiNb03 and others. Further, the modulator 
may be implemented in any desired structure in 

25 which, electrooptic effect or electroabsorption effect 
or the like is made use of. Besides, in place of 
combining the discrete modulators shown in Rg. 
18, the individual modulators may be implemented 
on a single substrate in an integrated structure. In 

30 this case, the structure of the optical transmitter 
apparatus can remarkably be simplified while en- 
suring stable and high-efficiency optical coupling 
between the intensity modulator element and the 
phase modulator element. 

35 Rg. 23A shows an integrated structure of an 

intensity modulator element 2 and a phase modula- 
tor element 4, which is realized by using a semi- 
conductor multiple quantum well structure. Rg. 23B 
shows a cross-section taken along a line a-a* in 

40 Rg. 23A. Further, Rg. 24 graphically illustrates 
characteristics of the intensity modulator element 
and the phase modulator element exhibited for 
applied bias voltages. As can be seen in Rg. 24, 
by regulating magnitude of the applied bias volt- 

45 age, operation characteristics of the modulators 
can easily be controlled or changed. More specifi- 
cally, by applying a higher bias voltage to the 
intensity modulator element than the phase 
modulator element, absorption coefficient of the 

so multiple quantum well is caused to change more 
significantly, whereby the degree of intensity mod- 
ulation is increased. Of course, change in the inten- 
sity will take place more or less even in the phase 
modulator element. However, magnitude of such 

55 change can be suppressed to a sufficiently small 
value when compared with that of the intensity 
modulator element, to ensure desired operation. 
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An optical modulator device in which the inten- 
sity modulator 2 and the phase modulator 3 de- 
scribed hereinbefore in conjunction with the sev- 
nth and eighth embodiments are implemented in 
an integrated structure can easily be realized. 

Fig. 25 shows a structure of an optical modula- 
tor having a structure corresponding to that of the 
seventh embodiment. Referring to Fig. 25, the op- 
tical modulator 11-6 is comprised of an intensity 
modulator element 12-6 and a phase modulator 
el ment 13-6 which are optically coupled in series 
to each other. The intensity modulator element 12- 

6 is driven by a signal generated by an intensity 
modulator driver circuit 14-6 while the phase 
modulator element 13-6 is driven by an output 
signal of a phase modulator driver circuit 15-6, as 
in the case of the seventh embodiment. 

Fig. 26 shows a structure of an optical modula- 
t r having a structure corresponding to that of the 
eighth embodiment. Referring to Fig. 26, the optical 
modulator 11-7 is comprised of an intensity 
modulator element 12-7 and a phase modulator 
element 13-7 which are optically coupled in series 
to each other. The intensity modulator element 12- 

7 is driven by a signal of positive (plus) polarity 
g nerated by an intensity modulator driver circuit 
14-7 while the phase modulator element 13-7 is 
driven by a negative (minus) output signal of a 
phase modulator driver circuit 15-7, as in the case 
of the eighth embodiment. 

Fig. 27 shows a circuit configuration in which 
the modulation characteristics of an integrated op- 
tica) modulator are adapted to be controlled by a 
bias signal. Referring to Fig. 27, an optical modula- 
tor 11-0 is composed of an intensity modulator 
element 12-9 and a phase modulator element 13-9. 
The intensity modulator element 12-9 is driven by 
an output signal of plus sign generated by an 
intensity modulator driver circuit 14-9, while the 
phase modulator element 13-9 is driven by a signal 
of minus sign generated by the intensity modulator 
driver circuit 14-9. In other words, the intensity 
modulator driver circuit 14-9 generates two output 
signals having opposite polarities, wherein the out- 
put signal of positive polarity (plus sign) is supplied 
to the intensity modulator element 12-9, while the 
output of negative polarity (minus sign) is supplied 
to the phase modulator element 13-9. An output 
signal of a bias circuit 7-a is applied to the intensity 
modulator element 12-9 for controlling the 
intensity/phase modulation characteristics thereof. 
On the other hand, a bias signal outputted from a 
bias circuit 7-b is applied to the phase modulator 
element 13-9 for controlling the intensity/phase 
modulation characteristics of the latter. 

By providing the bias circuit 7-a, it is possible 
to realize high-effici nt intensity modulation char- 
acteristics of the intensity modulator lament 12-9. 



Furth r, owing to provision of the bias circuit 7-b ( it 
is possible to make the phas modulation char- 
acteristic of the phase modulator element 13-9 
coincide substantially with that of the intensity 

s modulator element 12-9. Besides, by employing 
the bias circuits 7-a and 7-b, as mentioned above, 
accurate or precise adjustment of the modulation 
characteristics can be realized with a simplified 
structure, to another advantage. 

io Fig. 28 shows a structure of an optical trans- 

mitter apparatus according to a ninth embodiment 
of the invention which includes an optical modula- 
tor 11-9 controllable by the bias circuits 7-a and 7- 
b mentioned above. 

rs Referring to Fig. 28, a light beam emitted from 

a light source 1 is inputted to an optical modulator 
11-9, wherein the light beam is caused to pass 
though an intensity modulator element 12-9 and a 
phase modulator element 13-9 before being sent 

20 out from the optica) transmitter apparatus 100-9. A 
signal to be transmitted is generated by a transmit 
signal generator 4 and supplied to an intensity 
modulator driver circuit 14-9 which is designed to 
output two signals of opposite polarities, wherein 

25 the signal of positive polarity (plus sign) is supplied 
to the intensity modulator element 12-9, while the 
output signal of negative polarity (minus sign) is 
inputted to the phase modulator element 13-9. An 
output signal of the bias circuit 7-a is applied to the 

30 intensity modulator element 12-9 for the purpose of 
controlling the intensity/phase modulation charac- 
teristics thereof. On the other hand, an output sig- 
nal of the bias circuit 7-b is applied to the phase 
modulator element 13-9 for controlling the 

35 intensity/phase modulation characteristics of the 
phase modulator elements 13-9. 

It is possible to realize high-efficiency intensity 
modulation characteristics of the intensity modula- 
tor element by using the bias circuit 7-a, while the 

40 bias circuit 7-b is effective for making the phase 
modulation characteristic of the phase modulator 
element 13-9 coincide substantially with that of the 
intensity modulator element 12-9. Besides, adop- 
tion of the bias circuits allows the modulation char- 
ts acteristics to be adjusted or controlled accurately 
with a simplified structure of the optical transmitter 
apparatus. 

According to the present invention, a chirpless 
optical signal transmission system can easily be 

so realized. 

Fig. 29 A shows an integrated structure of an 
optical modulator in which multiple quantum well 
structures having mutually different characteristics 
are adopted for a phase modulator element and an 

55 intensity modulator element, respectively. Further, 
Figs. 29B and 29C are sectional views taken along 
lin s a-a* and b-b* in Fig. 29A, respectively. With 
the structure sh wn in these figures, the intensity 

12 
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modulation charact ri sties and the phase modula- 
tion characteristic are isolated more distinctly when 
compared with the structure shown in Fig. 23. The 
structure shown in Figs. 29A. 29B and 29C be- 
comes advantageous over that shown in Fig. 23 
because the modulator elements can be optimized 
independent of each other although the manufac- 
turing process of the integrated optical modulator 
device shown in Figs. 29 A, 29B and 29C is com- 
plicated. Figs. 30A and 30B show an integrated 
optical transmitter structure realized by using a 
dielectric. The intensity modulator element is im- 
plemented in a Mach-Zehnder interferometer struc- 
ture, while the phase modulator element is imple- 
mented in the form of a linear waveguide. It should 
however be understood that the intensity modulator 
element can be implemented in other various struc- 
tures inclusive of a directional coupler type inten- 
sity modulator and the like so far as the underlying 
operation principle is based on the electrooptical 
effect. Furthermore, similar device structure can be 
obtained when the electrooptical effect of semicon- 
ductor crystal such as GaAs, InP and the like is 
made use of. 

It should be noted that an optical transmitter 
apparatus which can achieve the first and second 
objects of the invention simultaneously is also in- 
tended to be encompassed by the scope of the 
present invention. 

Fig. 31 shows a structure of an optical trans- 
mitter apparatus which corresponds to a combina- 
tion of the first and sixth embodiments of the 
invention.. 

Referring to the figure, the optical transmitter 
apparatus 100 is composed of a light source 1 for 
signal transmission, an intensity modulator 2, 
phase modulators 3-a and 3-b. a transmit signal 
generator 4 and a spectrum spreading signal gen- 
erator 5. A signal to be transmitted which is gen- 
erated by a transmit signal generator 4 is supplied 
to the intensity modulator 2 and the phase modula- 
tor 3-a. An output signal of the spectrum spreading 
signal generator 5 is inputted to the phase modula- 
tor 3-b. The light beam emanated from the light 
source 1 is caused to pass through the intensity 
modulator 2 and the phase modulators 3-a and 3-b 
before being sent out from the optical transmitter 
apparatus 100. 

The light beam emanated from the light source 
1 undergoes intensity modulation and feeble phase 
modulation or shift upon passing through the inten- 
sity modulator 2. Subsequently, upon passing 
through the phase modulator 3-a, the optical signal 
outputted from the intensity modulator 2 undergoes 
a phase modulation which can cancel out the fee* 
ble phase modulation or shift which the signal 
suffered upon passing through the intensity 
modulator 2. The output signal of the phase 



modulator 3-a is further subjected t a phase mod- 
ulation by the phase modulator 3-b which is effec- 
tive for spr ading th spectrum of the optical sig- 
nal. 

5 With the structure of the optical transmitter 

apparatus shown in Fig. 31 , not only the stimulated 
Brillouin scattering but also the chirping in a high 
frequency region equivalent to the bit rate can be 
suppressed, to an advantageous effect. 

io Fig. 32 shows, by way of example a structure 

of an optical transmitter in which an optical inten- 
sity modulator and an optical phase modulator are 
integrated with each other. Owing to the integrated 
structure, optical loss at the coupling parts can be 

75 reduced. Besides, the number of optical elements 
which will otherwise be required can be decreased. 

According to the teaching of the present inven- 
tion, it is also possible to suppress the stimulated 
Brillouin scattering by spreading the spectrum of a 

20 wavelength-multiplexed optical signal by means of 
a single phase modulator. Fig. 33 shows schemati- 
cally a structure of a waveform division multiplex 
optical transmission system according to yet an- 
other embodiment of the invention. 

25 Each of optical transmitters 111-1, 111-2, .... 

111-n includes no optical phase modulator de- 
signed for spectrum spreading. Basically, each op- 
tical transmitter is composed of a light source, an 
intensity modulator and a signal generator for gen- 

30 erating a signal to be optically transmitted. A plural- 
ity of optical signals generated by the individual 
intensity modulators and having mutually different 
wavelengths are optically synthesized by an optical 
coupler 116. The synthesized signal light beam 

35 undergoes en bloc a phase modulation in an op- 
tical phase modulator 3 in accordance with a signal 
generated by a spectrum spreading signal gener- 
ator 5. The wavelength division multiplexed optical 
signal undergone the phase modulation is sent out 

40 onto an optical fiber 1001 from the wavelength 
multiplex division transmitter apparatus 110, and 
received by an optical wavelength demultiplexer 
114 to be demultiplexed into the original 
wavelengths. Optical signals resulting from the op- 

45 tical demultiplexing are received by individual op- 
tical receivers 115-1, 115-2 115-n, respectively. 

In the optical wavelength division multiplex sig- 
nal transmission system described above, the stim- 
ulated Brillouin scattering can be suppressed to a 

so minimum because spectrum of the optical signal is 
spread. 

In the system described above by reference to 
Fig. 33, the optical transmitter apparatus 111 has 
been described as being composed of the light 
55 source, the intensity modulator and the transmit 
signal generator. It should how ver be understood 
that the optical transmitter apparatus may include a 
phas modulator for suppressing the chirping phe- 

13 
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nom non. Parenthetically, the optical coupl r 116 
mployed for synth sization of the optical signals 
may be replaced by an optical wav length mul- 
tiplexer. 

As will now be understood from the foregoing 
d scription, the stimulated Brillouin scattering can 
effectively be suppressed according to the teach- 
ing of the present invention that the optical signal 
undergone an optical phase modulation is transmit- 
ted. 

Furthermore, by controlling the clock generator 
circuit of the optical transmitter apparatus by using 
the spectrum spreading signal, reception sensitivity 
can be protected against degradation due to the 
time jitter. 

It should further be mentioned that the optical 
chirpless signal transmission can easily be realized 
by using a phase modulator for compensating for a 
phase modulation which accompanies the opera- 
tion of the intensity modulator. 

Finally, it should be added that by implement- 
ing the optical intensity modulator and the optical 
phase modulator in an integrated structure, light 
energy loss at inter-element coupling or connecting 
portions can be reduced with the number of optical 
elements being decreased, to further advantages. 

Claims 

1. An optical transmitter apparatus comprising a 
tight source (1) for optical signal transmission, 
an intensity modulator (2), a transmit signal 
generator (4) and a signal generator (5), 

wherein a transmit signal to be transmitted 
is supplied from said transmit signal generator 
(4) to said intensity modulator (2), while a 
signal generated by said signal generator (5) is 
supplied to said phase modulator (3); and 

wherein a light beam emitted from said 
light source (1) passes through said intensity 
modulator (2) and said phase modulator (3) to 
be subsequently sent out as an optical signal 
for transmission with intensity thereof being 
modulated upon passing through said intensity 
modulator (2) while spectrum thereof being 
spread by phase modulation which said optical 
signal undergoes upon passing through said 
phase modulator (3). 

2. An optical transmitter apparatus, comprising an 
optical modulator (11-1) including an intensity 
modulator part (12-1) and a phase modulator 
part (13-1) optically coupled in tandem, a light 
source (1) for optical signal transmission, a 
transmit signal generator (4), an intensity 
modulator driver circuit (14-1), a signal gener- 
ator (5) and a phas modulator driver circuit 
(15-1). 



wherein a transmit signal to be transmitted 
is g nerated by said transmit signal gen rator 

(4) and supplied to said intensity modulator 
driver circuit (14-1), an output of said intensity 

5 modulator driver circuit (14-1) being supplied 

to said intensity modulator part (12-1), and a 
signal generated by said signal generator (5) 
being supplied to said phase modulator driver 
circuit (15-1), whose output is supplied to said 

io phase modulator part (13-1), and 

wherein a light beam emitted from said 
light source (1 ) is sent to said optical modula- 
tor (11-1) to be modulated in intensity by said 
intensity modulator part (12-1) while modulated 

75 in phase by said phase modulator part (13-1) 

to be thereby spread in spectrum, whereupon 
the optical signal outputted from said optical 
modulator (11-1) is sent out as an optical sig- 
nal for transmission. 

20 

3. An optical transmitter apparatus, comprising an 
optical modulator (11-2) which includes a 
Mach-Zehnder type intensity modulator part 
(12-2) optically coupled in tandem to at least 
25 one phase modulator part (13-2), a light source 

(1) for signal transmission, a signal generator 

(5) ; an intensity modulator driver circuit (14-2), 
a signal generator (4) and a phase modulator 
driver circuit (1 5-2), 

30 wherein a transmit signal for transmission 

is generated by said transmit signal generator 
(4) and supplied to said Intensity modulator 
driver circuit (14-2) whose output is supplied to 
said Mach-Zehnder type intensity modulator 

35 part (12-2), while a signal generated by said 

signal generator (5) is supplied to said phase 
modulator driver circuit (15-2) whose output is 
supplied to said phase modulator part (13-2); 
and 

40 wherein a light beam emitted from said 

light source (1) is supplied to said optical 
modulator (11-2) and undergoes intensity mod- 
ulation in said Mach-Zehnder type intensity 
modulator part (12-2) and phase modulation in 

45 said phase modulator part (1 3-2) to be thereby 

spread in spectrum, the output of said optical 
modulator (11-2) being sent out as an optical 
signal for transmission. 

so 4. An optical transmitter apparatus, comprising a 
light source (1) for signal transmission, a 
Mach-Zehnder type intensity modulator (11-3) 
including two phase modulator parts (12-3), a 
transmit signal generator (4), a signal generator 

55 (5) and an intensity modulator driver circuit 

(14-3) including at least two voltage combine 
circuits (6), 

wherein a transmission signal for transmis- 

14 
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sion is gen rated by said transmit signal gen- 
rator (4) and inputted to one (6-a) of said 
voltage combine circuits (6-a) as a signal of 
positive polarity while being inputted to the 
other one (6-b) of said voltage combine circuits 
(6) as a signal of negative polarity, and a signal 
generated by said signal generator (5) is input- 
ted to said two voltage combine circuits (6) as 
a signal of same polarity, the outputs of said 
voltage combine circuits (6) being supplied to 
said two phase modulator parts (12-3a, 12-3b), 
respectively, of said Mach-Zehnder type inten- 
sity modulator (11-3) as outputs of said inten- 
sity modulator driver circuit (14-3), 

wherein a light beam emitted from said 
light source (1) undergoes intensity modulation 
and phase modulation in said Mach-Zehnder 
type intensity modulator (11-3) to be thereby 
spread in spectrum, the output signal of said 
Mach-Zehnder type intensity modulator (11-3) 
being sent out as an optical signal for trans- 
mission. 

5. An optical transmitter apparatus according to 
claim 1, wherein said signal generator (5) gen- 
erates a sinusoidal waveform signal of a fre- 
quency lower than a bit rate of said transmit 
signal generated by said transmit signal gener- 
ator (4). 

6. An optical transmitter apparatus according to 
claim 1, wherein said signal generator (5) gen- 
erates a rectangular waveform signal of a pe- 
riod same as or longer than a bit duration time 
of said transmit signal (4) in synchronism with 
the latter. 

7. An optical transmitter apparatus according to 
claim 1, wherein said signal generator (5) gen- 
erates a random rectangular waveform signal 
in synchronism with said transmit signal (4). 

8. An optical transmitter apparatus, comprising a 
light source (1) for signal transmission, a 
Mach-Zehnder type intensity modulator (11-4), 
a transmit signal generator (4), a digital logic 
circuit (16) and an intensity modulator driver 
circuit (14-4), 

wherein a transmit signal generated by 
said transmit generator (4) is inputted to said 
digital logic circuit (16), two output signals of 
which are inputted to said intensity modulator 
driver circuit (14-4), and said Mach-Zehnder 
type intensity modulator (11-4) modulates the 
light beam sent from said signal source (1) in 
respect to intensity and phase to thereby out- 
put an optical signal for transmission, and 

wherein said two signals outputted from 



said digital logic circuit (16) are combined 
such that said two output signals assume lev- 
els of "1" and "0" or I vels of "0" and "1", 
respectively, when said transmit signal (4) is 

5 "0" while said two output signals assume "1, 

1 " and "0, 0" in an alternating sequence or in 
a random sequence when said transmit signal 
(4) is "1", said intensity modulator driver cir- 
cuit (14-4) outputs two levels of "V-" and 

io "v+" in correspondence to the outputs "0" 

and "1", respectively, of said digital logic cir- 
cuit (16), and said Mach-Zehnder type inten- 
sity modulator (11-4) generates an optical sig- 
nal output of substantially minimum intensity in 

75 response to the output combinations of (V + 

and V-) and (V- and V+) of said intensity 
modulator driver circuit (14-4) while generating 
an optical signal output having a substantially 
maximum intensity and a positive optical 

20 phase in response to an output combination of 

(V+ and V + ) of said intensity modulator driver 
circuit (14-4), and an optical signal output hav- 
ing a substantially x maximum intensity and a 
negative optical phase is generated by said 

25 Mach-Zehnder type intensity modulator in re- 

sponse to an output combination of (V- and V-) 
of said intensity modulator driver circuit (14-4). 

9. An optical transmission system, comprising an 
30 optical transmitter (100), an optical fiber (101) 

for optical signal transmission, and an optical 
receiver (103), 

said optical transmitter including a light 
source (1) for optical signal transmission, an 
35 intensity modulator (2), a transmit signal gener- 

ator (4) and a signal generator (5), wherein a 
transmit signal for transmission is supplied 
from said transmit signal generator (4) to said 
intensity modulator (2), while a signal gen- 
40 erated by said signal generator (5) is supplied 

to said phase modulator (3), and wherein a 
light beam emitted from said light source (1) 
passes through said intensity modulator (2) 
and said phase modulator (3) to be subse- 
ts quently sent out as an optical signal for trans- 
mission with intensity thereof being modulated 
upon passing through said intensity modulator 
(2) while spectrum thereof being spread by 
phase modulation which said optical signal un- 
50 dergoes upon passing through said phase 
modulator (3), and 

wherein the optical signal outputted from 
said optical transmitter (100) and having inten- 
sity and phase modulated is transmitted 
ss through said optical fiber (101) to be received 

by said optical receiver (103). 



15 



29 



EP 0 565 035 A2 



30 



10. An optical transmission system comprising a 
plurality of ptical transmitters (1 1 1), an optical 
wav I ngth muttipl xer (112), an optical fiber 
(101) for optical signal transmission, an optical 
wavelength demultiplexer and a plurality of op- 
tical receivers (1 1 5), 

said optical transmitter including a light 
source (1) for optical signal transmission, an 
intensity modulator (2), a transmit signal gener- 
ator (4) and a signal generator (5), wherein a 
transmit signal for transmission is supplied 
from said transmit signal generator (4) to said 
intensity modulator (2), while a signal gen- 
erated by said signal generator (5) is supplied 
to said phase modulator (3), and wherein a 
light beam emitted from said light source (1) 
passes through said intensity modulator (2) 
and said phase modulator (3) to be subse- 
quently sent out as an optical signal for trans- 
mission with intensity thereof being modulated 
upon passing through said intensity modulator 
(2) while spectrum thereof being spread by 
phase modulation which said optical signal un- 
dergoes upon passing through said phase 
modulator (3), and 

wherein said optical signals * of different 
wavelengths generated by said plurality of op- 
tical transmitters (111) and undergone the in- 
tensity modulation and the phase modulation 
are multiplexed by said optical wavelength 
multiplexer (112) to be subsequently outputted 
to said optica! fiber (101) and then demul- 
tiplexed by said optica) wavelength demul- 
tiplexer (114) into individual optical signals of 
respective wavelengths, said optical signals re- 
sulting from said demultiplexing are received 
by said optical receivers (1 1 5), respectively. 

11. An optical transmission system comprising a 
plurality of optical transmitters (111), an optical 
coupler (116), an optical fiber (101) for optical 
signal transmission, an optical wavelength de- 
multiplexer and a plurality of optical receivers 
(115). 

said optical transmitter including a light 
source (1) for optical signal transmission, an 
intensity modulator (2), a transmit signal gener- 
ator (4) and a signal generator (5), wherein a 
transmit signal for transmission is supplied 
from said transmit signal generator (4) to said 
intensity modulator (2), while a signal gen- 
erated by said signal generator (5) is supplied 
to said phase modulator (3), and wherein a 
light beam emitted from said light source (1) 
passes through said intensity modulator (2) 
and said phase modulator (3) to be subse- 
quently sent out as an optical signal for trans- 
mission with intensity thereof being modulated 



upon passing through said intensity modulator 
(2) while spectrum thereof being spread by 
phase modulation which said optical signal un- 
dergoes upon passing through said phase 

5 modulator (3), and 

wherein said optical signals of different 
wavelengths generated by said plurality of op- 
tical transmitters (111) and undergone the in- 
tensity modulation and the phase modulation 

10 are multiplexed by said optical coupler (116) to 

be subsequently outputted to said optical fiber 
(101) and then demultiplexed by said optical 
wavelength demultiplexer (114) into individual 
optical signals of respective wavelengths, said 

75 optical signals resulting from said demultiplex- 

ing being received by said optical receivers 
(115), respectively. 

12. An optical transmission system, comprising an 
20 optical transmitter apparatus (100), an optical 

fiber (101) for optical signal transmission and 
an optical receiver apparatus (103), said optical 
transmitter apparatus including a light source 
(1) for optical signal transmission, an intensity 

25 modulator (2), a phase modulator (3), a trans- 

mit signal generator (4) incorporating a clock 
generator circuit (21) and a data generator 
circuit (22), and an signal generator (5), 

wherein an output signal of said signal 

30 generator (5) is supplied to said phase modula- 

tor (3) and said clock generator circuit (21) 
incorporated in said transmit signal generator 
(4), the output of said clock generator circuit 
(21) being supplied to said data generator cir- 

35 cuit (22) whose output is supplied to said in- 

tensity modulator (2) as the output of said 
transmit signal generator (4), and 

wherein a light beam emitted from said 
light source (1) passes through said intensity 

40 modulator (2) and said phase modulator (3) to 

be modulated in intensity upon passing 
through said intensity modulator (2) while mod- 
ulated in phase upon passing through said 
phase modulator (3) to be thereby spread in 

4$ spectrum, the output optical signal of said 

phase modulator (3) being sent out to said 
optical fiber (101) as an optical signal to be 
transmitted, which signal is received by said 
optical receiver (103), 

so wherein period of the clock signal of said 

clock generator circuit (21) is adjusted in ac- 
cordance with the output signal of said signal 
generator (5) so that periodical timing at which 
said optical signal arrives at said optical re- 

55 ceiver (103) is substantially constant. 

13. An optical transmitter apparatus, comprising a 
light source (1) for optical signal transmission, 
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an intensity modulator (2), a phas modulator 

(3) and a transmit signal generator (4), wher in 
a transmit signal to be transmitted is generated 
by said transmit signal generator (4) and input- 
ted to said intensity modulator (2) and said 
phase modulator (3), and 

wherein a light beam emitted from said 
light source (1) passes through said intensity 
modulator and said phase modulator (3) and 
undergoes intensity modulation and feeble 
phase modulation upon passing through said 
intensity modulator (2), the optical signal out- 
putted from said intensity modulator (2) under- 
going such a phase modulation upon passing 
through said phase modulator that a phase 
shift due to said feeble phase modulation by 
said intensity modulator can be compensated, 
whereby an optical signal which is not modu- 
lated in phase but modulated in intensity is 
sent out as an output signal of said optical 
transmitter apparatus. 

14. An optical transmission system, comprising an 
optical transmitter apparatus (100-5) including 
a light source (1) for optical signal transmis- 
sion, an intensity modulator (2-5), a phase 
modulator (3-5) and a transmit signal generator 

(4) , an optical fiber (101) and an optical re- 
ceiver (103), 

wherein a signal to be transmitted is gen- 
erated by said transmit signal generator (4) 
and inputted to said intensity modulator (2-5) 
and said phase modulator (3-5), and 

wherein a light beam emitted from said 
light source (1 ) is sent out as an optical signal 
to be transmitted from said optical transmitter 
apparatus (100-5) after having passed through 
said intensity modulator (2-5) and said phase 
modulator (3-5), said optical signal being trans- 
mitted through said optical fiber (101) to be 
inputted to said optical receiver (103), 

wherein intensity modulation of said optical 
signal is effected upon passing through said 
intensity modulator (2-5), while upon passing 
through said phase modulator (3-5), the optical 
signal undergoes such phase modulation that 
deterioration of waveform of said optical signal 
due to dispersion encountered during transmis- 
sion through said optical fiber (101) can be 
suppressed to a possible minimum. 

15. An optical transmitter apparatus, comprising a 
light source (1) for optical signal transmission, 
an intensity modulator (2-6), a phase modulator 
(3-6) t a transmit signal generator (4), an inten- 
sity modulator driver circuit (14-6) and a phase 
modulator driver circuit (15-6), 

wh r in a transmit signal to be transmitted 



is generated by said transmit signal generator 
(4) and inputt d to said int nsity modulator 
driver circuit (14-6) and said phase modulator 
driver circuit (15-6), output of said intensity 

s modulator driver circuit (14-6) being supplied 

to said intensity modulator (2-6) while output of 
said phase modulator driver circuit (15-6) be- 
ing supplied to said phase modulator (3-6), and 
wherein a light beam emitted from said 

10 light source (1) passes through said intensity 

modulator (2-6) and said phase modulator (3-6) 
and undergoes intensity modulation and feeble 
phase modulation upon passing through said 
intensity modulator (2-6), the optical signal out- 

75 putted from said intensity modulator (2-6) un- 

dergoing such a phase modulation upon pass- 
ing through said phase modulator (3-6) that a 
phase shift due to said feeble phase modula- 
tion by said intensity modulator (2-6) can be 

so compensated, whereby an optical signal which 

is not modulated in phase but modulated in 
intensity is sent out as an output optical signal 
of said optical transmitter apparatus (100-6). 

25 16. An optical transmitter apparatus, comprising a 
light source (1) for optical signal transmission, 
an intensity modulator (2-7), a phase modulator 
(3-7), a transmit signal generator (4), and a 
modulator driver circuit (14-7), 

30 wherein a transmit signal to be transmitted 

is generated by said transmit signal generator 
(4) and inputted to said modulator driver circuit 
(14-7), outputs of positive and negative polarit- 
ies generated by said modulator driver circuit 

35 (14-7) being supplied to said intensity modula- 

tor (2-7) and said phase modulator (3-7), re- 
spectively, and 

wherein a light beam emitted from said 
light source (1) passes through said intensity 

40 modulator (2-7) and said phase modulator (3-7) 

and undergoes intensity modulation and feeble 
phase modulation upon passing through said 
intensity modulator (2-7), the optical signal out- 
putted from said intensity modulator (2-7) un- 

45 dergoing such a phase modulation upon pass- 

ing through said phase modulator (3-7) that a 
phase shift due to said feeble phase modula- 
tion by said intensity modulator (2-7) can be 
compensated, whereby an optical signal which 

so is not modulated in phase but modulated in 

intensity is sent out as an output optical signal 
of said optical transmitter apparatus (100-7). 

17. An optical transmission system, comprising an 
55 optical transmitter apparatus (100-6) which in- 

cludes a light source (1) for optical signal 
transmission, an intensity modulator (2-6), a 
phase modulator (3-6), an intensity modulator 
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driver circuit (14-6). a phase modulator driver 
circuit (15-6) and a transmit signal generator 
(4), an optical fiber (101) and an optical re- 
ceiver (103), 

wherein a signal to be transmitted is gen- 
erated by said transmit signal generator (4) 
and inputted to said intensity modulator driver 
circuit (14-6) and said phase modulator driver 
circuit (15-6), output of said intensity modulator 
driver circuit (14-6) being supplied to said in- 
tensity modulator (2-6) while output of said 
phase modulator driver circuit (15-6) is sup- 
plied to said phase modulator (13-6), and 
wherein a light beam emitted from said light 
source (1) is sent out as an optical signal to be 
transmitted from said optical transmitter ap- 
paratus (100-6) after having passed through 
said intensity modulator (2-6) and said phase 
modulator (3-6), said optical signal being trans- 
mitted through said optical fiber (101) to be 
inputted to said optical receiver (103), 

wherein intensity modulation of said optical 
signal is effected upon passing through said 
intensity modulator (2-6), while upon passing 
through said phase modulator (3-6), the optical 
signal undergoes such phase modulation that 
deterioration of waveform of said optical signal 
due to dispersion encountered during transmis- 
sion through said optical fiber (101) can be 
suppressed to a possible minimum. 

18. An optical transmission system, comprising an 
optical transmitter apparatus (100-7) which in- 
cludes a light source (1) for optical signal 
transmission, an intensity modulator (2-7), a 
phase modulator (3-7) and a modulator driver 
circuit (14-7) and a transmit signal generator 
(4), an optical fiber (101) and an optical re- 
ceiver (103), 

wherein a signal to be transmitted is gen- 
erated by said transmit signal generator (4) 
and inputted to said modulator driver circuit 
(14-7), outputs of positive and negative polarit- 
ies generated by said modulator driver circuit 
(14-7) being supplied to said intensity modula- 
tor (2-7) and said phase modulator (3-7), re- 
spectively, and wherein a light beam emitted 
from said light source (1) is sent out as an 
optical signal to be transmitted from said op- 
tical transmitter apparatus (100-7) after having 
passed through said intensity modulator (2-7) 
and said phase modulator (3-7), said optical 
signal being transmitted through said optical 
fiber (101) to be inputted to said optical re- 
ceiver (103), 

wherein intensity modulation of said optical 
signal is effected upon passing through said 
intensity modulator (2-7), while upon passing 



through said phase modulator (3-7), the optical 
signal undergoes such phase modulation that 
deterioration of waveform of said ptical signal 
due to dispersion encountered during transmis- 
5 sion through said optical fiber (101) can be 

suppressed to a possible minimum. 

19. An optical modulator, comprising an intensity 
modulator part (12-6), a phase modulator part 

to (13-6). an intensity modulator driver circuit (14- 

6) and a phase modulator driver circuit (15-6), 

wherein a modulating signal inputted to 
said modulator (11-6) is inputted to said inten- 
sity modulator driver circuit (14-6) and said 

is phase modulator driver circuit (15-6), output of 

said intensity modulator driver circuit (14-6) 
being inputted to said intensity modulator part 
(12-6) while output of said phase modulator 
driver circuit (15-6) is inputted to said phase 

20 modulator part (13-6), and a light beam input- 

ted to said optical modulator (11-6) is output- 
ted after having passed through said intensity 
modulator part (12-5) and said phase modula- 
tor part (13-6), and 

25 wherein said light beam undergoes an in- 

tensity modulation and a phase modulation in 
said intensity modulator part (12-6), while in 
said phase modulator part (13-6), phase modu- 
lation is effected such that phase shift resulting 

30 from said intensity modulation by said intensity 

modulator part can be canceled. 

20. An optical modulator, comprising an intensity 
modulator part (12-7), a phase modulator part 

35 (1 3-7) and a modulator driver circuit (14-7), 

wherein a modulating signal inputted to 
said modulator (11-7) is inputted to said inten- 
sity modulator driver circuit (14-7), outputs of 
positive and negative signs of said modulator 

40 driver circuit (14-7) being inputted to said in- 

tensity modulator part (12-7) and said phase 
modulator part (13-7), respectively, 

wherein a light beam inputted to said op- 
tical modulator (11-7) is outputted after having 

45 passed through said intensity modulator part 

(12-7) and said phase modulator part (13-7), 
and 

wherein said light beam undergoes an in- 
tensity modulation and a phase modulation in 
so said intensity modulator part (12-7), while in 

said phase modulator part (13-7), phase modu- 
lation is effected such that phase shift resulting 
from said intensity modulation by said intensity 
modulator part (12-7) can be canceled. 

55 

21. An optical modulator, comprising an intensity 
modulator part and a phase modulator part, 
wherein material, structure, length and width of 
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said intensity modulator part and/or said phas 
modulator part are so s lected that phase 
modulation fficiency of said intensity modula- 
tor part substantially coincides with that of said 
phase modulator part. 

22. An optical modulator, comprising an intensity 
modulator part (12-9), a phase modulator part 
(13-9) and a modulator driver circuit (14-9) 
including at least one bias circuit (7), 

wherein a modulating signal inputted to 
said modulator (1 1-9) is inputted to said 
modulator driver circuit (14-9), outputs of posi- 
tive and negative signs of said modulator driv- 
er circuit (14-9) being inputted to said intensity 
modulator part (12-9) and said phase modula- 
tor part (13-9), respectively, while output of 
said bias circuit (7-a, 7-b) is inputted to said 
intensity modulator part or said phase modula- 
tor part, and wherein a light beam inputted to 
said optical modulator (11-9) is outputted after 
having passed through said intensity modulator 
part (12-9) and said phase modulator part (13- 
9). 

wherein said light beam undergoes an in- 
tensity modulation and a phase- modulation in 
said intensity modulator part (12-9), while in 
said phase modulator part (13-9), phase modu- 
lation is effected such that phase shift resulting 
from said intensity modulation by said intensity 
modulator part (12-9) can be canceled. 

23. An optical modulator, comprising an intensity 
modulator part (12-9). a phase modulator part 
(13-9) and a modulator driver circuit (14-9) 
including at least two bias circuit (7-a, 7-b), 

wherein a modulating signal inputted to 
said modulator (11-9) is inputted to said 
modulator driver circuit (14-9). outputs of posi- 
tive and negative signs of said modulator driv- 
er circuit (14-9) being inputted to said intensity 
modulator part (12-9) and said phase modula- 
tor part (13-9), while being added with mutually 
different bias signals from said bias circuits (7- 
a, 7-b), respectively, and wherein a light beam 
inputted to said optical modulator (11-9) is 
outputted after having passed through said in- 
tensity modulator part (12-9) and said phase 
modulator part (13-9), 

wherein said light beam undergoes an in- 
tensity modulation and a phase modulation in 
said intensity modulator part (12-9), while in 
said phase modulator part (13-9), phase modu- 
lation is effected such that phase shift resulting 
from said intensity modulation by said intensity 
modulator part (12-9) can be canceled. 



24. An optical transmitter apparatus, comprising an 
optical modulator, a light source (1 ) for optical 
signal transmission and a transmit signal gen- 
erator (4), said optical modulator (1 1 -6) includ- 

5 ing an intensity modulator part (12-6), a phase 

modulator part (13-6). an intensity modulator 
driver circuit (14-6) and a phase modulator 
driver circuit (15-6), wherein a modulating sig- 
nal inputted to said optical modulator (11-6) is 

10 inputted to said intensity modulator driver cir- 

cuit (14-6) and said phase modulator driver 
circuit (15-6). output of said intensity modulator 
driver circuit (14-6) being inputted to said in- 
tensity modulator part (12-6) while output of 

75 said phase modulator driver circuit (15-6) is 

inputted to said phase modulator part (13-6), 
and a light beam inputted to said optical 
modulator (11-6) is outputted after having 
passed through said intensity modulator part 

20 (12-5) and said phase modulator part (13-6), 

said light beam undergoing an intensity modu- 
lation and a phase modulation in said intensity 
modulator part (12-6), while in said phase 
modulator part (13-6), phase modulation is ef- 

25 fected such that phase shift resulting from said 

intensity modulation by said intensity modula- 
tor part can be canceled, and 

wherein an output light beam of said light 
source and an output of said transmit signal 

30 generator are inputted to said optical modula- 

tor which modulates intensity of the light beam 
outputted from said light source in accordance 
with the output signal of said transmit signal 
generator without modulating the phase of the 

35 light beam outputted from said light source. 

25. An optical transmitter apparatus, comprising a 
light source (1) for optical signal transmission, 
an intensity modulator (2). at least first and 

40 second phase modulators (3-a; 3-b), a transmit 

signal generator (4) and a signal generator (5), 
wherein a transmit signal to be transmitted 
is generated by said transmit signal generator 
(4) to be supplied to said intensity modulator 

45 (2) and said first phase modulator (3-a), while a 

signal generated by said signal generator (5) is 
supplied to said second phase modulator (3-b), 
and 

wherein a light beam emitted from said 
so light source (1) passes through said intensity 

modulator (2) and said first and second phase 
modulators (3-a; 3-b) to undergo an intensity 
modulation and a feeble phase modulation 
upon passing through said intensity modulator 
55 (2) and undergo such phase modulation upon 

passing through said first phase modulator (3- 
a) that a phas shift du to said feeble modula- 
tion by said intensity modulator (2) can be 
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compensated, while being phase-modulated 
upon passing through said s cond phase 
modulator (3-b) such that spectrum is spread, 
whereby an output optical signal of said sec- 
ond phase modulator is sent out as the optical 
signal for transmission. 

26- An optical transmitter apparatus, comprising an 
optical modulator including an intensity 
modulator part and a phase modulator part 
optically coupled in tandem, a light source (1) 
for optical signal transmission, a transmit sig- 
nal generator (4), an intensity modulator driver 
circuit, a signal generator (5) and a phase 
modulator driver circuit, 

wherein a transmit signal to be transmitted 
is generated by said transmit signal generator 
(4) and supplied to said intensity modulator 
driver circuit and said phase modulator driver 
circuit, an output of said intensity modulator 
driver circuit being supplied to said intensity 
modulator part, and a signal generated by said 
signal generator (5) is supplied to said phase 
modulator driver circuit, whose output is a sig- 
nal synthesized from said transmit signal as 
inputted and a signal from said generator and 
supplied to said phase modulator part, and 

wherein a light beam emitted from said 
light source (1) is sent to said optical modula- 
tor to undergo intensity modulation and a fee- 
ble phase modulation in said intensity modula- 
tor part while undergoing such phase modula- 
tion in said phase modulator part that phase 
shift due to said feeble modulation is com- 
pensated while being spread in spectrum, 
whereupon the optical signal outputted from 
said optical modulator is sent out as an optical 
signal for transmission. 



transmitters (111), and 

wherein the intensity-modulated transmit 
optical signals having different wavelengths 
and outputted from said plurality of optical 

5 transmitters, respectively, are multiplexed by 

said optical wavelength multiplexer or alter- 
natively said coupler (116) to be subsequently 
inputted to said phase modulator (3) as a 
wavelength multiplexed signal to undergo 

io phase modulation in accordance with an output 

signal of said signal generator (5), the output 
optical signal from said phase modulator (3) 
being sent out into said optical fiber (101) to 
be subsequently demultiplexed to individual 

75 wavelengths by said optical wavelength demul- 

tiplexer (114), wherein optical signals resulting 
from said demultiplexing are received by said 
plurality of optical receivers (115), respectively. 

20 
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30 



35 



27. An optical signal transmission system, com- 40 
prising a plurality of optical transmitter (111) 
each including a light source for optical signal 
transmission, an intensity modulator and a 
transmit signal generator, an optical 
wavelength multiplexer or alternatively an op- 45 
tical coupler (116), a signal generator (5), an 
optical fiber (101) for signal transmission, an 
optical wavelength demultiplexer (114) and a 
plurality of optical receivers, 

wherein in each of said optical transmitters 50 
(111), a transmit signal to be transmitted is 
generated by the associated transmit signal 
generator to be supplied to the associated 
intensity modulator for thereby modulating in- 
tensity of a light beam emitted from said light 55 
source and passing through said associated 
intensity modulator, whereby a transmit optical 
signal is outputted form each of said optical 
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FIG. 3A 
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